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INTRODUCTION
In Europe, there is a high prevalence of musculoskeletal disorders (MSDs) such as lower back, neck and shoulder pain in the adult population that take a heavy toll on individuals, employers and society (European Agency for Safety and Health at Work 2010). People working in the nursing profession are at high risk of developing work-related MSDs (Harcombe et al. 2014; Davis & Kotowski 2015; Passali et al. 2018; Zamora-Macorra et al. 2019) . It is well-known that nurses routinely perform physically demanding manual handling; and these tasks are associated with work-related musculoskeletal problems (Engels et al. 1996; Serranheira et al. 2015; Nourollahi et al. 2018) . Nursing tasks performed more than 10 times a day have been found to increase the probability of developing work-related musculoskeletal problems (Serranheira et al. 2015) . MSD discomfort or pain in at least one region of the body affects many nurses (Davis & Kotowski 2015; Nourollahi et al. 2018; Passali et al. 2018) . Since nurses' working conditions can vary among different nursing disciplines, it is important to ascertain whether the prevalence of MSDs varies with the specific working tasks associated with the different types of nursing (Serranheira et al. 2015) . The focus of this study will be on haemodialysis nursing.
LITERATURE REVIEW
The term work environment encompasses all of the surroundings while working, and it refers to the physical, social and psychological characteristics of the work place. The psychological work environment for haemodialysis nurses has been described as being stressful and intense (Hayes & Bonner 2010; Böhmert et al. 2011) . The high-dependency nature of haemodialysis centres (Thomas-Hawkins et al. 2008; de Kleijn et al. 2017 ) are known for their heavy workloads. High levels of burnout are typical among nurses working in haemodialysis settings (Hayes et al. 2015; Trbojević-Stanković et al. 2015) . While caring for patients receiving haemodialysis, they experience high levels of stress in their daily work (Dermody & Bennett 2008; Karkar et al. 2015; Vioulac et al. 2016) , with the main stressors being time management, treatment complications/emergencies and technical problems (Karkar et al. 2015; Vioulac et al. 2016) . Coping with death and dying (Lee & King 2014) , which is associated with greater levels of stress, only exacerbates the problem (Hayes et al. 2015) . The social work environment deals with conditions and prerequisites for the work that includes social interaction, collaboration and social support from managers and colleagues. Hayes et al. (2015) showed that flexible management and a feeling of being valued by management are the main contributors to job satisfaction among haemodialysis nurses.
While there is a growing body of research examining the occupational health problems due to psychological factors, there are few studies focusing on the physical problems encountered among nurses working in haemodialysis settings. Prestes et al. (2016) describe how physical problems, such as MSDs involving back or leg pain, are the predominant cause of absenteeism among Brazilian haemodialysis nurses. In addition, nine out of 10 Scandinavian haemodialysis nurses have experienced musculoskeletal problems in some part of their body during the past 12 months, and the anatomical locations with the most complaints were the neck, lower back and hands. Every second haemodialysis nurse reported complaints concerning their hands (Westergren et al. 2019) , which is twice that reported for hospital nurses in general (Occhionero et al. 2014; Heidari et al. 2018) . The human hand is involved in a broad spectrum of activities. Hands are involved in self-care activities, they perceive sensations such as temperature and pressure and are also often needed in occupational activities (Howland et al. 2016) . The function of a hand can be significantly affected by any type of pain (acute, chronic or neuropathic), and therefore discomfort or pain in a hand can make work tasks difficult or even impossible to perform. In Scandinavia, one out of 10 haemodialysis nurses have reported absenteeism from work due to problems with their hands (Westergren et al. 2019 ). On the basis of this and complaints from haemodialysis nurses that disposable materials used in haemodialysis treatments often do not fit well together, e.g. there is a form of resistance and difficulty attaching the tubing to different components and to the dialysis machine; we hypothesised that there is an association between disposable materials used and the occurrence of hand complaints among haemodialysis nurses.
The aims of this study were therefore (1) to examine the association between the type of dialysis machine and disposables used with the occurrence of hand complaints among haemodialysis nurses and (2) to compare occupational risks [revised strain index (RSI)] of developing work-related MSDs of the distal upper extremities based on the materials used for haemodialysis. participants were informed of the aim of the study and participated voluntarily.
SAMPLE AND SAMPLING PROCEDURE
This study used a convenience sample (Polit & Beck 2016) of haemodialysis centres in Sweden. All of the 58 haemodialysis centres listed in the Swedish national renal registry when the study commenced in November 2017, were eligible for inclusion. A written request for study involvement was sent by regular mail to the head of each centre. Twenty-seven centres (46.6%) participated, which included local hospital-based, regional hospital-based, university hospital-based and satellite centres. There were 445 nurses employed at these centres, and 282 (63.4%) responded to the online survey. Their mean age was 46.3 years. They had worked as nurses for an average of 18.9 years and as a haemodialysis nurse for an average of 9.7 years.
In evaluating the risks of developing distal upper extremity MSDs, 19 nurses were observed at five haemodialysis centres. To ensure the inclusion of all types of haemodialysis machines used in the country in the data collection, the centres were conveniently selected based on the haemodialysis machines used. The observed nurses had a mean age of 45.3 years. They had worked as nurses for an average of 16.3 years and as a haemodialysis nurse for an average of 9.2 years.
DATA COLLECTION TOOLS
The validated Nordic Musculoskeletal Questionnaire (Kuorinka et al. 1987 ) was used to gather data regarding the nurses' hand complaints that occurred during the past year. Demographic data of the participating nurses were also recorded. In addition, a studyspecific form was used to generate centre level data. The head of the centre responded to questions regarding the type of haemodialysis machines (manufacturer and model) and disposables used for haemodialysis (tubing and dialysers) during the past year.
Additional data collection was carried out between 2 May 2019 and 14 June 2019 by a single observer (E.W., first author), who is a registered nurse with substantial experience within haematology and nephrology nursing, but not in the haemodialysis setting. Each observation was conducted during the daytime shift between 7.00 and 15.00. Prior to the start of an observation, information regarding the purpose of the study and its approach was held with each nurse. The focus of the observations concerned potential occupational risks occurring during the priming procedure of the haemodialysis machines. In carrying out the observations; a timer, an observation protocol, a clipboard and a pencil were used. During the priming procedure data were documented regarding the five variables: intensity of exertion, duration of exertion, exertions per minute, hand/wrist posture and duration of the task per day (Garg et al. 2017 ). These variables originated from the Strain Index (Moore & Garg 1995) , but the RSI matrix was used in this study since, which compared with the original version provides better discrimination of risk predictors and avoids misclassification (Garg et al. 2017) . RSI is an ergonomist evaluation method that focuses specifically on the risks of developing distal upper extremity MSDs among workers who perform the same task (Garg et al. 2017) .
ANALYSIS Generated data were entered into a spreadsheet and all analyses were performed using IBM SPSS Statistics for Windows, Version 24.0 (IBM Corp, Armonk, NY). A p < 0.05 (two-tailed) was considered statistically significant. χ 2 tests determined differences between groups (machines and disposables used) for categorical data and nurses with/without hand complaints. Binary logistic regression was utilised to determine the odds ratio (OR) and 95% confidence interval of risk factors (dialysis machine and disposables used, gender and hours worked per week), and the probability of developing hand problems was estimated. Evaluation of model fit was performed at two levels. The first level evaluated the fit of the full-model and was done using a likelihood-ratio χ 2 test and the Hosmer-Lemeshow test. Evaluation of the individual predictors contribution to the overall model fit, the second level, was done with the Wald test. Data from the observations violated the assumption of homogeneity of variances. Consequently, a Welch F-test with Games-Howell post hoc test was used instead of the more well-known one-way analysis of variance (ANOVA) to determine whether there were any differences between the mean numbers of repetitive manoeuvres during the priming procedures in the three most common types of haemodialysis machines. The RSI data were calculated in accordance with the manual (Garg et al. 2017) . It was possible to test differences with the one-way ANOVA, that is, the comparison of the means between the types of machines.
RESULTS
There were no differences in the prevalence of hand complaints based on the haemodialysis machines χ 2 = 0.513 (df2) p = 0.773 (Figure 1) , dialysers χ 2 = 2.157 (df4) p = 0.707 ( Figure 2) or tubing χ 2 = 7.248 (df4) p = 0.123 (Figure 3 ) used at the centres.
Moreover, there were no statistically significant differences between group means regarding the observed number of clamping grips used (F (2,18.55) = 1.950, p = 0.17) or the number of times physical pressure was used (F (2,18.77) = 2.79, p = 0.09) during the priming procedures as determined by Welch F-test. However, there was a statistically significant difference between machine type used and the observed number of twisting/turning movements made by the hands during the priming procedure of the haemodialysis machines when determined by Welch F-test (F (2,18.41) = 14.30, p = 0.0002). The range and mean number of observed hand twists/turns during priming and the post hoc analysis results are presented in Table 1 .
The result of the binary logistic regression analysis is presented in Table 2 . The Omnibus Tests of Model Coefficients results indicate that the model fits the data significantly better than a null model, χ 2 (10) = 20.530, p = 0.025. The non-significant results of the Hosmer and Lemeshow test also indicate a good model fit χ 2 (7) = 5.426, p = 0.608. Gender, hours worked per week, type of dialysis machine and the dialyser used are all non-significant predictors of hand complaints among haemodialysis nurses. The use of tubing from the manufacturer B is a negative and significant (b = −1.809, SE = 0.878, p = 0.039) predictor in the probability of developing hand complaints; with the OR (0.164) indicating that haemodialysis nurses using that tubing when priming dialysis machines were to a small degree less likely to develop hand complaints when compared with the use of the tubing from the manufacturer used as a reference.
The RSI occupational risk assessment tool used in this study to evaluate the level of risk of developing a MSD of the hand during priming procedures showed that the three included types of dialysis machines manufactured by different companies posed a low risk of developing a disorder of the hand, wrist, forearm or elbow (RSI ≤ 10). The physical exposure to the hands during priming could therefore be considered to be probably safe, as there were no statistically significant differences between the machine types and the RSI (F (2,30) = 1.439, p = 0.253). Mean RSI for dialysis machine manufacturer A was 1.4 [standard deviation (SD 0.4), range 0.8-1.7], for manufacturer B 1.5 (SD 0.6, range 0.8-3.0) and for manufacturer C 1.1 (SD 0.4, range 0.8-1.7).
DISCUSSION
The prevalence of hand complaints is twice as high among Scandinavian nurses working in haemodialysis settings (Westergren et al. 2019 ) than among nurses in general (Occhionero et al. 2014; Heidari et al. 2018 ) and the reason for this is still unknown. The data we have presented does not support our predefined hypothesis. Neither the disposable materials used, the type of haemodialysis machine, the hours worked per week, nor the nurses' gender have any association with the occurrence of work-related hand complaints among haemodialysis nurses. This could however be related to low statistical power, i.e. to small sample to find significant association for some type of machine. The significant difference we did find between the numbers of hand twists/turns performed during priming procedures based on the dialysis machine used, was found to be unrelated to the reported work-related hand complaints. Hence, our research could not reveal any potential reasons for the high prevalence of hand complaints among haemodialysis nurses. Further research is therefore needed to better understand the underlying causes of these occupational problems as other work activities not studied might increase the risk of developing hand complaints. Despite the fact that an association could not be revealed, one should not ignore the impression haemodialysis nurses have of the seemingly "incompatible" nature of the materials that require exorbitant force to assemble, i.e. the tubing and dialysers. We therefore also recommend qualitative research that incorporates reflective interviews as well as a deeper ergonomic analysis of the experiences haemodialysis nurses have during priming procedures.
Of interest are the exposure assessment results obtained from the RSI. They indicate that, irrespective of the type of haemodialysis machine used, the priming procedures are safe in regard to the risk of developing distal upper extremity MSDs. However, it is important to point out as a cautionary note that the RSI is designed to determine the risk of developing distal upper extremity MSDs among a cohort of workers and not for an individual worker (Garg et al. 2017) . Consequently, the analysis is performed on a group level that compares RSI means between the three types of machines. These results indicate that the working tasks involved in the priming procedures again seem to be unimportant relative to the presence of hand complaints among haemodialysis nurses.
Literature on the physical occupational health problems among nurses working in haemodialysis settings appears sparse. Prestes et al. (2016) studied work-related health problems among Brazilian haemodialysis nurses and concluded that back and leg pain were the most prevalent physical problems, that the levels of stress were bearable and that no social problems were identified. More recently, Westergren et al. (2019) reported a high prevalence of MSD complaints with most of the problems located in the neck, lower back and hands. As a result of the findings by Westergren et al. (2019) , this study focused on exploring associations between the type of dialysis machine and disposables used and the occurrence of hand complaints. As this seems to be the first study in this area, there is no existing knowledge to compare and discuss the results with.
LIMITATIONS
Due to this study's cross-sectional design and the self-report method for gathering the data from nurses only, certain potential biases should be considered. One primary limitation of the crosssectional study design is that there is generally no evidence of causal relationships. Hence, we can only draw firm conclusions about any associations to, not the cause of, the hand complaints reported. Moreover, the present study does not include reports from other dialysis staff such as support workers who may be involved in haemodialysis set up. The finding might therefore not be generalisable to dialysis settings using mixed staffing.
The online nature of the survey has certainly contributed to the lower than desirable 63.4% response rate from the invited nurses. Blumenberg and Barros (2018) concluded in their literature review that web-based surveys systematically have lower response rates than alternative data collection methods. The ideal response rate in survey techniques is considered to be at least 70%, but the majority of studies conducted among registered nurses have response rates below the desirable threshold (Corner & Lemonde 2019) .
Another limitation is that the observations were only performed during the priming procedure, which only captures a limited part of the nurses' duties. Haemodialysis nurses' duties can be divided into three main parts: (1) preparation for treatments, i.e. priming, (2) connection of patients to machines and delivery of dialysis treatments and (3) termination of haemodialysis treatments and cleaning of dialysis machines and patient surroundings. Since the focus of the study was to examine possible associations between the disposable materials used and the occurrence of hand complaints, it was considered to be sufficient to include only the priming procedure in this study. Moreover, the RSI is to the best of our knowledge not previously used or validated in haemodialysis settings which inherently poses some threats to the internal validity of the present study. The RSI is however considered applicable to a wide variety of tasks (Garg et al. 2017) .
IMPLICATIONS FOR CLINICAL PRACTICE
The health and wellbeing of haemodialysis nurses are basic elements required for quality nursing care. As complaints concerning the hands are common, and also related to absenteeism from work, it is of particular importance that manufacturers of dialysis equipment and nurse managers acknowledge these occupational health and safety hazards in their efforts to create good work environments. Since nurses' work environments have a significant impact on patients' outcomes, the healthcare organisations and nurse managers who wish to ensure safe services with high quality care should according to Prezerakos et al. (2015) , ensure good working conditions. It is estimated that the number of patients requiring renal replacement therapy will more than double by 2030 (Liyanage et al. 2015) . The increased number of treatments will consequently have an impact on the workload of haemodialysis nurses. Since the frequency in which repetitive work tasks are performed has a direct relationship with musculoskeletal complaints (Serranheira et al. 2015) , it is paramount that nurse managers acknowledge the number of repetitive manoeuvres required during (for example) priming procedures when allocating work duties.
CONCLUSION
The results of this study could not reveal any association between disposable materials used and the occurrence of hand complaints among haemodialysis nurses. Neither were there any detectable occupational risks of developing distal upper extremity MSDs based on the types of haemodialysis machines used. Hence, the results of the present study strongly indicate that a deeper ergonomic analysis of the work environment is needed to understand the prevalence of hand complaints among nurses working in haemodialysis settings.
